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INTRODUCTION 


The  transmission  of  visible  and  infrared  electromagnetic  radiation  through  the 
atmosphere  is  of  concern  to  developers  and  users  of  electro-optical  devices, 
particularly  during  conditions  of  low  visibility.  Falling  snow  creates  such 
conditions  over  large  parts  of  the  earth's  surface  and  during  a  fairly  large 
oercentage  of  the  time  during  winter  months  in  some  areas.  For  example, 
falling  snow  occurs  about  12  percent  of  the  time  during  the  observation  period 
in  the  Uplands  of  West  Germany  in  February. 

A  recent  review  by  Mason1  conveys  the  nature  and  complexity  of  the  problem  of 
relating  transmission  through  falling  snow  to  meteorological  conditions. 
Figure  1  and  table  1  summarize  the  results  of  several  investigators  relating 


visible  extinction  coefficient,  to  precipitation  rate,  R  (equivalent 

liquid  water).  It  can  be  seen  for  example,  that  the  extinction  coefficient 
may  vary  by  a  factor  of  five  for  a  fixed  precipitation  rate.  The  variation  in 
these  results  for  snow  is  due  to  variations  in  the  snow  crystal  types  and 
characteristic  sizes.  The  curve  labeled  R  is  for  rainfall  and  shows  that  the 
extinction  coefficient  for  snow  may  be  more  than  an  order  of  magnitude  greater 
than  that  for  rain  for  equivalent  precipitation  rate. 

SIMPLE  OPTICAL  MODEL  FOR  SNOW 

In  general,  the  extinction  coefficient  at  wavelength  \  for  an  ensemble  of  N 
aerosol  oarticles  of  c  oss-sectional  area  A  is  given  bv 


Sx  =  /  N(A)Qext(n,A,x)AdA 
A 


(1) 


where  Qext  =  extinction  efficiency,  n  =  complex  index  of  refraction. 

According  to  the  conservation  of  mass,  the  mass  of  the  snow  crystals  per  unit 
area  accumulating  on  the  ground  per  unit  time  equals  the  mass  of  the 
equivalent  liquid  water  per  unit  area  per  unit  time,  or 


WrR  ■  »,cej;N(V>v(Y)VdV 


(2) 


where  p  =  density 

V  =  purticle  volume 
v  =  particle  settling  velocity, 


'Mason,  J.  8.,  "Light  Attenuation  in  Falling  Snow,"  ASL-TR-0018,  US  Army 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  NM,  1978. 
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Fi gure  1 


TABLE  1.  CORRELATIONS  OF  FALLING  SNOW  EXTINCTION  COEFFICIENT  (km'1)  VS 
ACCUMULATION  RATE  (mm  h'1)  (MASON1) 

Investigator  Correlation 

Lillesaeter1  b..,c  =  3.93R 

VIS  0  s 

Zel 'manovich*  Byis  =  l . 3R 

Polyakow  &  Treljakov*  b>,tc  =  3.2R^‘9* 

V1 >  o  A? 

Mellor5  Byi$  =  1.11R 

Warner  &  Gunn5  BVK  =  2.53R 

O'Brien7  syis  =  1.393R0*69 


Then,  combining  (1)  and  (2) 


Bl  =  W  Wa>W-a->)ma 

"ice  /N(V)v(V)Vdv 


This  may  be  simplified  by  assuming  that  the  particles  are  homogeneous  and 
monodispersed,  and  that  the  geometrical  optics  approximation  is  valid  (Qext  = 

2),  which  is  the  case  when  the  particles  are  sufficiently  large  compared  to 
x . 


‘Mason,  J.  B.,  "Light  Attenuation  in  Falling  Snow,"  ASL-TR-0018,  US  Army 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  IW,  1978. 

zLillesaeter,  0.,  "Paral lei -Beam  Attenuation  of  Light,  Particularly  by  Falling 
Snow,"  J  Appl  Meteorol,  4:607,  1965. 

jZe1 'manovich,  I.  L. ,  "Microstructure  and  Transmittance  of  Snowfall,"  Trudy 
Glavnoy  Geophysics  Obs,  Leningrad,  100:58,  1960. 

'Polyakova,  E.  A.,  and  V.  D.  Tretjakov,  "Visibility  in  Falling  Snow,"  Trudy 
Glavnoy  Geophysics  Obs,  Leningrad,  100:53,  1960. 

5Mellor,  M.,  "Light  Scattering  and  Particle  Aggregation  in  Snow  Storms," 
RR193,  US  Army  Cold  Regions  Research  and  Engineering  Laboratory,  Hanover,  NH, 
1966. 

5Warner,  C.,  and  K.  L.  S.  Gunn,  "Measurement  of  Snowfall  by  Optical 
Attenuation,"  J  Appl  Meteorol ,  8:110,  1969. 

70'8rien,  H.  W.,  “Visibility  and  Light  Attenuation  in  Falling  Snow,"  J  Appl 
Meteorol ,  9:671,  1970. 
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Then 


8VIS  3  bir 


Note  that  particle  volume  concentration  <=  -  .  Then  by  assuming  various 

crystal  shapes  with  characteristic  sizes  and  settling  velocities,  one  may 
derive  interrelationships  of  the  form 


Byj  $  ~  C R 


where  C  is  a  constant.  For  small  needle-shaped  crystals  the  relationship  is 
similar  to  that  of  Lillasaeter. 2  Larger  plate-like  crystals  will  yield  a 
smaller  extinction  coefficient  with  a  relationship  closer  to  that  of  Mel! or5 
or  Zel 'manovich.  3 
a 

Since  y  is  inversely  proportional  to  some  characteristic  crystal  dimension  d, 
A  1 

that  is  y  3  g-  .  one  ca"  easily  see  that  for  fixed  precipitation  rate, 

extinction  decreases  as  crystal  size  increases.  Since  crystal  size  tends  to 
increase  with  increasing  temperature  or  relative  humidity  because  of  increased 
agglomeration,  extinction  should  decrease  in  these  c  .ditions.  However,  it 
should  be  noted  that  these  results  are  based  on  snow  occurring  alone  and  that 
if  fog  occurs  simultaneously,  as  is  often  the  case,  then  additional 
complications  arise. 

SNOW-ONE  DATA 

The  Scenario  Normalization  for  Operation  in  Winter  -  Obscuration  and  the 
Natural  Environment  (SNOW-ONE)  Field  Experiment  was  the  first  of  a  series  of 
winter  exercises  conducted  by  the  US  Army  Corps  of  Engineers  for  the  purpose 
of  collecting  data  used  to  investigate  the  effects  of  snow  on  the  propagation 
of  electromagnetic  energy.  Visible,  infrared,  and  near-millimeter  wave 
transmission  measurements  were  made  over  a  path  length  of  0.65  km  through 


2Lillesaeter,  0.,  "Parallel-Beam  Attenuation  of  Light,  Particularly  by  Falling 
Snow,"  J  Appl  Meteorol ,  4:607,  1965. 

sMellor,  M.,  "Light  Scattering  and  Particle  Aggregation  in  Snow  Storms," 
RR193,  US  Army  Cold  Regions  Research  and  Engineering  Laboratory,  Hanover,  NH, 
1966. 


’Zel'manovich,  I.  L. ,  "Kicrcstructure  and  Transmittance  of  Snowfall,"  Trudy 
Glavnoy  Geophysics  Obs,  Leningrad,  100:58,  1960. 
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falling  snow  concurrently  with  measurements  of  meteorological  conditions,  snow 
particle  size  distributions,  shape  characteristics  and  concentration.  These 
measurements  were  made  at  Camp  Ethan  Allen  near  Burlington,  Vermont,  during 
the  period  5  Jan  81  through  20  Feb  81.  Data  were  collected  during  periods  of 
falling  snow  on  nine  days  during  this  time  frame  and  have  been  documented  by 
Redfield.*  Figure  2  shows  transmittances  at  three  wavelengths  as  measured 
with  Barnes  transmissometers  on  22  Jan  81.  Light  snow,  light  snow  with  fog, 
and  snow  flurries  occurred  on  that  day  with  observed  visibilities  of  1  to  8 
km. 


EMPIRICAL  MODEL  FROM  SNOW-ONE  DATA 

A  set  of  181  data  points  from  five  of  the  days  during  which  snow  occurred  was 
used  to  derive  a  regression  equation  relating  extinction  to  meteorological 
parameters.  These  data  show  that  the  visible  extinction  coefficient, 
Bq  55  increases  as  volume  concentration  increases  and  decreases  with  both 

increasing  surface  temperature  and  relative  humidity.  The  resulting 
regression  equation  is 


60. 55 

K 


=  0.0233  -  0.0031ic 


-  0.0101T  +  0.0019H 


(6) 


S3  3 

where  <  =  volume  concentration  in  units  of  10"  m  /m 
T  =  surface  temperature  (°C) 
and  H  =  surface  relative  humidity  (%) 

Figure  3  shows  comparisons  between  predicted  visible  extinction  coefficients 
and  those  derived  from  the  actual  transmittances.  Comparisons  between  th 
actual  measured  transmittances  and  those  predicted  by  equation  (6)  are  given 
in  figure  4.  These  figures  show  only  those  data  points  used  in  the  derivation 
of  equation  (6) . 


•Redfield,  R.  K.,  "SNOW-ONE  Preliminary  Data  Report,"  US  Army  Cold  Regions 
Research  and  Engineering  Laboratory,  Hanover,  NH,  1981. 
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PREDICTED  EXTINCTION  COEFFICIENT 


Figure  3 


Comparison  between  visible  extinction  coefficients  from  SNOW- 
ONE  measurements  and  those  predicted  by  equation  (6). 
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Figure  4.  Comparison  between  visible  transmittances  measured  during 
SNOW-ONE  and  those  predicted  by  equation  (6). 
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EXTINCTION  WAVELENGTH  DEPENDENCE 


A  number  of  investi gators  *  ifc  M  11  l*  ls  have  measured  visible  and  infrared 
transmittance  through  snow  of  various  types.  Results  of  their  findings  in  the 
8u>n  to  12vS!  and  visible  regions  are  summarized  in  table  2.  They  found  that, 
in  the  absence  of  coexisting  fog,  measured  transmittance  is  higher  in  the 
visible  region  of  the  spectrin  than  the  infrared.  However,  when  fog  occurred 
along  with  the  snow,  the  wavelength  dependence  of  the  meter  measured 
transmittance  could  be  reversed  with  visible  transmittance  less  than 
infrared.  Analysis  of  data  collected  at  SNOW-ONE  resulted  in  conclusions 
similar  to  those  of  ether  investigators.  This  analysis  is  demonstrated  in 
figure  5,  showing  the  ratio  of  the  extinction  coefficient  at  10.4ym  to  that  at 
0.55um  for  a  period  of  time  during  a  snowstorm  at  SNCM-ONE.  Relative  humidity 
during  the  same  time  is  also  shown.  Figure  6  shows  a  camparable  plot  for 
3.0um.  Preliminary  indications  are  that  the  discrepancies  between  the  GAP 
model11  and  actual  data  at  3.0um  are  due  to  gaseous  and  aerosol  (snowflake) 
absorption. 

Regression  analyses  were  performed  on  SNOW-ONE  data  taken  during  a  variety  of 
conditions  of  snow  type,  intensity,  and  meteorological  conditions.  It  was 
found  that  when  relative  hunidity  is  low  (less  than  or  equal  to  94  percent), 
the  infrared  extinction  coefficient  may  be  expressed  as  a  function  of  visible 
extinction  coefficient  (or  equivalent  visibility)  only.  For  larger  values  of 
relative  humidity  (when  fog  is  more  likely  to  occur),  the  infrared  extinction 
coefficient  is  a  function  not  only  of  the  visible  extinction  coefficient,  out 
also  temperature  and  relative  humidity.  These  regression  analyses  resulted  in 
the  following  model. 


“Bisyarin,  V.  P. ,  et  al ,  "Attenuation  of  10.6um  and  0.63ym  Laser  Radiation  in 
Atmospheric  Precipitation,"  Radio  Engineering  and  Electronic  Physics,  16:1585, 
1971. 

1  “Gimme stad,  E.  G. ,  and  S.  M.  Lee,  "Infrared  Obscuration  by  Falling  and 
Blowing  Snow,"  Proceedings  of  National  IRIS,  1980. 

lJSola,  M.  and  R.  <3.  Bergeman,  "Mul ti -Spectral  Propagation  Measurements 
through  Snow,"  Topical  Meeting  on  Optical  Propagation  Through  Turbulence,  Rain 
and  Snow,  Boulder,  CO,  197  . 

llAbele,  J.,  H.  Raidt,  and  D.  H.  Ilohn,  "Studies  on  the  Influence  of 
Meteorological  Parameters  on  Atmospheric  Laser  Transmission,"  Report  FFO 
1979/20.  Fo'-schungsinstitut  fur  Optik,  TuDingen,  FRG,  1979, 

15Chu,  t.  s.,  and  D.  C.  Hogg,  "Effects  of  Precipitation  on  Propagation  at 
0.63,  3.5,  and  10.6  Microns,"  Bell  System  Technical  Journal,  p  723-759,  1968. 

‘'Eklur.d,  H.,  et  al,  "Atmospheric  Transmission  Measurements  at  I0.6ym,'' 
Infrared  Physics,  18:337-342,  1978. 
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'■'ABLE  2.  INVESTIGATIONS  OK  TRANSMISSION  THROUGH  SNOW  AT 
8pm  TO  12pm  AND  VISIBLE  REGION 

Instrument  Type/ 


Investigator/Lccation 

Date 

Results 

Bisyarin,  et  al* 

RUSSIA 

Lasers 

Jan  to  Mar  1970 

e10.6  s  *'36  *0,63 

Gimmestad  &  Lee* 0 
Houghton,  MI 

Transmi ssometers 
17  Mar  1980 

B8-12  =  1>25  6VIS0.901 

Sola11 

Fort  A?  Hill,  VA 
Grafenwohr,  FRG 

Transmi ssometers 
1975  -  1977 

=  1*30  Byj^0.993 

Abel-?,  et  al 1 2 

Tubingen,  FRG 

Lasers 

12  Dec  1978 

Higher  transmission  at 
U.63\>m  than  10. 6pm. 

Chu  &  Hogg15 

Holmdel,  NJ 

Lasers 

1966 

10.6pm  attenuated  more 
than  0.63ym,  no  definite 
wavelength  dependence 
observed 

Eklund,  et  al 1% 
Goteoorg,  Sweden 

Lasers 

Mar,  Apr  1977 

Higher  transmission  at 
0.63pm  than  10.6pm 

except  when  snow  mixed 
with  fog 


"Bisyarin,  /.  P. ,  et  a*,  "Attenuation  of  <,0.6  pin  and  C.53pm  Laser  Radiation  in 
Atmospheric  Precipitation/  Radio  Engineering  and  Electronic  Physics,  16:1585, 
1971. 

1  "Gimmes tad,  E.  G. ,  and  S.  M.  Lee,  "Infrared  Obscuration  by  Falling  and 
Blowing  Snow,"  Proceedings  of  National  IRIS,  1980. 

‘‘Sola,  M.  C.,  and  R.  J.  Bergeman,  "Multi -Spectral  Propagation  Measurements 
through  Snow,"  Topical  Meeting  on  Optical  Propagation  Through  Turbulence,  Rain 
and  Snow,  Boulder,  CO,  1977. 

lIAbele,  J.,  H.  Raidt,  and  D.  H.  Hohn,  ''Studies  on  the  Influence  of 
Meteorological  Parameters  on  Atmospheric  Laser  Transmission,"  Report  FFO 
1979/20  Forschungsinstitut  fur  Optik,  Tubingen,  FRG,  1979. 

15Chu,  T.  W.,  and  D.  C.  Hogg,  "Effects  of  Precipitation  on  Propagation  at 
0.63,  3.5,  and  10.6  Microns,"  Bell  System  Technical  Journal,  p  723-759,  1968. 

‘"Eklund,  H.,  et  al,  "Atmospheric  Transmission  Measurements  at  10.6pm," 
Infrared  Physics,  18:337-342,  1978. 
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Fiqure  5.  Comparison  of  extinction  coefficients  at  10.4-im  and  0.55ym 
during  SNOW-ONE.  The  GAP  model  of  Sola  and  Bergeman11  for  8  to 
12ym  is  shown  as  are  corresponding  values  of  relative  humidity. 


Comparison  of  extinction  coefficients  at  3.0pm  and  0.55pm 
during  SNOW-ONE.  The  GAP  model  of  Sola  and  Bergeman11  for  3pm 
to  5pm  is  shown  as  are  corresponding  values  of  relative 
humidity. 
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1  ‘ 

810.4 
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1 

where 

For  transmittance  at  3 .0 van 


=  1.21  b 


0.55 


for  RH  <  94% 


(7a) 


8n  „  (-0.107  T  -  0.101  H  -  0.042  V  +  10.74) 
for  RH  >  94%  (7b) 


»  1.18  e 


0.55 


for  RH  <_  94% 

0.223  H  -  0.4 
for  RH  >  94% 


(8a) 

!5.35] 

(8b) 


V  =  visibility  (km)  =  3.0/6yI5 

This  model  was  derived  from  data  with  the  following  ranges  and  should  be  used 
with  caution  elsewhere. 

1.2  km  <_  V  <_  7 . 5  km 

-11.9°C  £  T  £  2.0°C 

68%  £  H  <  100% 

Transmi ttances  predicted  by  equations  (7)  and  (8)  are  compared  with  the 
corresponding  measurements  in  figures  7  and  8.  The  model  appears  to  give  the 
largest  errors  when  the  relative  humidity  is  between  90  and  95  percent,  where 
the  existence  of  fog  is  most  in  doubt,  and  should  be  used  with  caution  in  this 
region. 

Snowflakes  are  very  large,  on  the  order  of  1  mm  diameter,  compared  to  visible 
and  infrared  wavelengths.  Thus,  as  was  indicated  in  equation  (4),  the 
geometrical  optics  approximation  is  applicable  and,  theoretically,  extinction 
should  be  wavelength  independent.  As  has  been  seen,  however,  there  are 
systematic  differences  in  measured  transmi ttances  in  this  wavelength  region. 

A  number  of  explanations  for  the  reduced  infrared  extinction  compared  to 
visible  extinction  have  been  proposed.  It  appears  that  several  processes 
combine  to  give  rise  to  this  effect. 

(1)  When  the  relative  humidity  is  high,  infrared  energy  is  absorbed  by 
the  water  vapor.  However,  this  effect  is  small  at  the  cold  temperatures  at 
which  snow  occurs. 

(2)  Because  phase  functions  for  the  shorter  wavelengths  are  more  sharply 
peaked  in  the  forward  direction,  more  scattered  radiation  enters  the 
detector.  This  effect  is  difficult  to  investigate  since  phase  functions  for 
snow  crystals  are  difficult  to  determine. 

(3)  While  the  large-particle  (geometrical  optics  limit)  single  particle 
extinction  efficiency  is  the  same  for  visible  and  infrared  wavelengths. 
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MEASURED  TRANSMITTANCE 


Figure  7.  Comparison  between  10.4pm  trr.nsmi  t.tances  measured  during 
SNOW-ONE  and  those  predicted  by  equation  (8). 
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figure  8. 


Comparison  between  3.0vm  transrci ttances  measured  during 
SNOW -ONE  and  those  predictea  by  equation  (7). 
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essentially  all  of  the  visible  extinction  is  due  to  scattering,  while  about 
half  of  the  infrared  extinction  is  due  to  absorption.  This  results  in  more 
scattered  visible  energy  available  to  enter  the  detector. 

(4)  The  visible  and  infrared  differential  extinction  cross  sections  due 
to  the  presence  of  fog  or  low-lying  cloud  particles  may  contribute  to  this 
effect. 

(5)  Multiple  scattering  of  visible  radiation  vs  infrared  radiation  may 
contribute  to  apparent  differences  in  measured  transmission  (assuming  the 
detector  collector  optics  are  the  same  diameter  for  both  wavelengths). 

CONCLUSIONS 

We  have  reviewed  falling  snow  obscuration  at  visible  and  infrared  wavelengths, 
incorporating  both  physical  and  optical  aspects  of  the  problem.  Using  these 
results,  an  analysis  of  falling  snow  obscuration  data  obtained  during  the 
SNOW-ONE  field  test  has  resulted  in  an  empirical  model  relating  visible 
extinction  to  snow  mass  concentration,  ambient  air  temperature,  and  relative 
humidity.  We  then  presented  a  model  that  relates  infrared  extinction  to 
visible  extinction  as  a  function  of  visibility,  temperature,  and  relative 
humidity,  with  separate  equations  for  high  humidity  and  low  humidity. 
Differences  existing  between  visible  and  infrared  extinction  data  for  falling 
snow  when,  from  a  theoretical  viewpoint,  no  such  difference  would  be  expected 
appear  to  be  due  to  a  combination  of  processes  including  water  vapor 
absorption,  snow  crystal  absorption,  and  multiple  scattering  effects. 
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Intelligence  Materiel  Development 
4  Support  Office 

US  Army  Electronic  Warfare  Laboratory 
ATTN:  DEIEW-I  (LTC  Kenneth  E.  Thonias) 
Fort  George  G.  Meade,  MO  20755 

The  Johns  Hopkins  University 
Apo'Med  Physics  Laboratory 
ATTN:  Dr.  Michael  J.  Lun 
John  Hopkins  Road 
Laurel  1,  MD  20810 

Dr.  Stephen  T.  Hanley 
1720  Rhodesia  Avenue 
Oxon  Hill,  MD  20022 

Science  Applications  Inc. 

ATTN:  Mr.  G.  D.  Currie 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Science  Applications  Inc. 

ATTN:  Dr.  Robert  E.  Turner 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Commander 

US  Army  Tank -Automotive  Research 
4  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Harry  Young) 
Warren,  MI  48090 

Commander 

US  Army  Tank  Automotive  Research 
4  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Wallace  Mick,  Jr.) 
Warren,  MI  48090 


Dr.  A.  D.  Belmont 
Research  Division 
Control  Data  Corporation 
P.0.  Box  1249 
Minneapolis,  MN  55440 

Di rector 

US  Arny  Engr  Waterways  Exper'ment  Station 
ATTN:  WESEN  (Mr.  James  Mason) 

P.0.  Box  631 
Vicksburg,  MS  39180 

Dr.  Jerry  Davis 
Departmert  of  Marine,  Earth 
and  Atmospheric  Sciences 
North  Carolina  State  University 
Raleigh,  NO  27650 

Commander 

US  Army  Research  Office 
ATTN:  DRXRO-GS  (Dr.  Leo  Alpert) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Army  Research  Office 
ATTN:  DRXRO-PP  (Brenda  Mann) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Army  Cold  Regions  Research 
*  Engineering  Laboratory 
ATTN:  CRREL-RD  (Dr.  K.  F.  Sterrett) 
Hanover,  NH  03755 

Commander/Director 
US  Army  Cold  Regions  Research 
4  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  George  Aitken) 
Hanover,  NH  03755 

Commander 

US  Army  Cold  Regions  Research 
4  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Berger) 
Hanover,  NH  03755 

Commander 

US  Amy  Armament  Research 
4  Development  Command 
ATTN:  DRDAR-AC  (Mr.  James  Greenfield) 
Dover,  NJ  07801 
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Commander 

US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-TSS  (81 dg  #59) 

Dover,  NJ  07801 

Commander 

US  A -my  Armament  Research 
&  Development  Coirnwnc 
nTTN:  ORCPH-CAWS-EI  (Mr.  Peteris  Jansons) 
Dover.  NJ  07801 

Comma nde" 

US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  G.  H.  Waldron) 
Dover,  NJ  07801 

Deputy  Joint  Project  Manager 
for  Navy/USMC  SAL  GP 

ATTN:  DRCPM-CAWS-NV  (CPT  Joseph  Mi  cell) 
Dover.  NJ  07801 

Commsnder/Di rector 

US  Army  Combat  Surveillance  8  Target 
Acquisition  Laboratory 
ATTN:  DELCS-I  (Mr.  David  Longinotti) 

Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  8  Target 
Acquisition  Laboratory 
ATTN:  DELCS-PE  (Mr.  Ben  A.  Di  Campli) 
Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  &  Target 
Acquisition  Laboratory 
ATTN:  DELCS-R-S  (Mr.  Donald  L.  Foiani) 
Fort  Monmouth,  NJ  07703 

Director 

US  Army  Electronics  Technology  8 
Devices  Laboratory 
ATTN:  DELET-DD  (S.  Danko ) 

Fort  Monmouth,  NJ  07703 

Project  Manager 
FIREFINDER/REKBASS 

ATTN:  DRCPM-FTR-TM  (Mr.  John  M.  BiaVo) 
Fort  Monmouth,  NJ  07703 


Commander 

US  Army  Electronics  Research 
&  DeveloDment  Command 
ATTN:  DRDEL-SA  (Dr.  WaUer  S.  McAfee) 
Fort  Monmouth,  NJ  07703 

OLA,  2WS  (MAC) 

Holloman  AF8,  NM  83330 
Commander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL/WE  (KAJ  John  R.  El  rick) 
K.irtland,  AF8,  NM  8711? 

01  rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  AHA-SL 

White  Sane's  Missile  Range,  NM  88002 
Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Delores  Anguiano) 

White  Sands  Missile  Range,  NH  88002 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  Louie  Dominguez) 
White  Sands  Missile  Range,  NM  88002 

Di rector 

USA  TRADOC  Systems  Analysis  Activity 
A1TN:  ATAA-TDB  (Mr.  William  J.  Leach) 
White  Sands  Missile  Range,  NM  88002 

Director 

USA  TRADOC  Systems  Analysis  Acfvity 
ATTN:  /VAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Rarge,  NM  88002 

Director 

Office  of  Missile  Electronic  Warfare 
ATTN:  DELEW-M-STO  (Dr.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test.  Program 
ATTN:  DRXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missle  Range,  NM  88002 

Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Range,  NM  88002 
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Commander 

US  Army  P.SD  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APC  New  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Griff Iss  AFB,  NY  13441 

Or.  Roberto  Vagllo-Laurin 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
.76-36  Stuyvesant  Street 
New  York,  NY  10003 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher) 
Wright-Patterson  AFB,  OH  45433 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wright-Patterson  AFB,  OH  45433 

Commandant 

US  Arir\y  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  SHI,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(CDR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 


Commandant 

US  Army  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Plerlulssl 
El  Paso,  TX  79968 

Commandant 

'JS  Army  Air  Defense  School 

ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 

Fort  Bliss,  TX  79916 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  (CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Dr.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway ,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  William  Peterson) 

Dugway,  UT  84022 
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Defense  Documentation  Center 
ATTN:  ODC-TCA 
Cameron  Station  Bldg  5 
Alexandria,  VA  22314 
12 

Ballistic  Missile  Defense  Program  Office 
ATTN:  DACS-BMT  (Colonel  Harry  F.  Ennis) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Technical  Information  Center 
ATTN:  DDA-2  (Mr.  James  E.  Shafer) 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 

Commander 

J S  Army  Materiel  Development 
St  Readiness  Command 

ATTN:  DRCBSI-EE  (Mr.  Albert  Giambalvo) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Materiel  Development 
St  Readiness  Command 
ATTN:  DRCl.DC  (Mr.  James  Bender) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Steve  Zakanyez 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Dr.  James  Tegnelia 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Institute  for  Defense  Analyses 
ATTN:  Mr.  Lucien  M.  Biberman 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Ernest  Bauer 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Hans  G.  Wolf hard 
400  Army-Navy  Drive 
Arlington,  VA  22202 


System  Planning  Corporation 
ATTN:  Mr.  Daniel  criedman 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

System  Planning  Corporation 
ATTN:  COL  Hank  Shelton 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

US  Army  Intelligence  S.  Security  Command 
ATTN:  Edwin  Speakman,  Scientific  Advisor 
Arlington  Hal1  Station 
Arlington,  VA  22212 


Commander 

'JS  Army  Operational  Test 
&  Evaluation  Agency 
ATTN:  CSTE-ED  (Mr.  Floyd  I. 
5600  Columbia  Pike 
Falls  Church,  VA  22041 
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Commander  and  Director 
US  Army  Engineer  Topographic  Laboratories 
ATTN:  ETL-GS-A  (Mr.  Thomas  Nei dringhaus) 
Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  St 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr,  Rudolf  G.  Buser) 

Fort  3elvoir,  VA  22060 

Di rector 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Robert  S.  Rodhe) 

Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Joseph  R.  Moulton) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Luanne  P.  Obert) 

Fort  Bel  voir,  VA  22060 
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Di rector 

US  Army  Night  Vision 
X  E iectro-Qptics  Laboratory 
ATTN:  DEINY-VI  (Mr.  Tnomas  W.  Cassidy) 
Fort  Bel voi r,  VA  22060 

Di rector 

US  Army  Night  Vision  X 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Richard  J.  Bergemann) 
Fo^t  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-V I  (Dr.  James  A.  Batches) 

Fort  Bel  voir,  VA  22060 

Commander 

'JS  Army  Training  X  Doctrine  Command 

ATTN:  ATCD-AN 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  X  Doctrine  Command 

ATTN:  ATCD-AN-M 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  X  Doctrine  Command 
ATTN:  ATCD-F-A  (Mr.  Chris  O'Connor,  Jr.) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  &  Doctrine  Command 
ATTN:  ATCD-IE-R  (Mr.  David  M.  Ingram) 

Fort  Monroe,  VA  23651 

Commander 

US'  Army  Training  X  Doctrine  Command 
ATTN:  ATCD-M-I/ATCD-M-A 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  X  Doctrine  Command 
ATTN:  ATDOC-TA  (Dr.  Marvin  P.  Pastel) 
Fort  Monroe,  VA  23851 

Department  of  the  Air  Force 
OL-I ,  AWS 

Fort  Monroe,  VA  23651 


Department  of  the  Air  Force 
HQS  5  Weather  Wing  (MAC) 

ATTN:  5  WW/DN 

Langley  Air  Force  Base,  VA  23655 
Commander 

US  Army  INSCOM/Quest  Research  Corporation 
ATTN:  Mr.  Donald  Wilmot 
6845  Elm  Street,  Suite  4G7 
McLean,  VA  22101 

General  Research  Corporation 
ATTN:  Dr.  Ralph  Zirkind 
7655  Old  Springhouse  Road 
McLean,  VA  22102 

Science  Applications,  Inc. 

8400  Westpark  Drive 
ATTN:  Dr.  John  E.  Cockayne 
McLean,  VA  22102 

US  Army  Nuclear  X  Chemical  Agency 
ATTN:  MONA-WE  (Dr.  John  A.  Berberet) 

7500  Backlick  Road,  Bldg  2073 
Springfield,  VA  22150 

Director 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-EA  (Mr.  Douglas  Harkleroad) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Di rector 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-OS  (Dr.  Royal  H.  Burkhardt) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Commander 

US  Army  Cold  Regions  Test  Center 
ATTN:  STECR-TD' (Mr.  Jerold  Barger) 

APO  Seattle,  WA  98733 

HQDA  (SAUS-OR/Hunter  M.  Woodall,  Jr./ 

Dr.  Herbert  K.  Fall  in) 

Rm  2E  614,  Pentagon 
Washington,  DC  20301 

COL  Elbert  W.  Friday,  Jr. 

OUSDRE 

Rm  3D  129,  Pentagon 
Washington,  DC  20301 
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National  Science  Foundation 
Division  of  Atmospheric  Sciences 
ATTN:  Or.  Eugene  W.  Bierly 
1800  G.  Street,  N.W. 

Washington,  OC  20550 


Defense  Communications  Agency 
Technical  library  Center 
Code  222 

Washington,  DC  20305 
Di rector 

Defense  Nuclear  Agency 

ATTN:  Technical  library  (Mrs.  Betty  Fox) 

Washington,  DC  20305 

Di rector 

Defense  Nuclear  Agencv 
ATTN:  RAAE  (Or.  Carl  Fitz) 

Wash1 ngton,  DC  20305 

Di rector 

Defense  Nuclear  Aqency 

ATTN:  SPAS  (Mr.  Donald  J.  Kohler) 

Washington,  DC  20305 

defense  Intelligence  Agency 
ATTN:  OT/AC  (LTC  Robert  Popiawski) 
Washington,  OC  20301 

HQDA  (DAMA-ARZ-D/Dr.  Verderame) 

Washington,  OC  20310 

HQOA  (OAMI-ISP/Mr.  Beck) 

Washington,  OC  20310 

Department  of  the  Army 
Deputy  Chief  of  Staff  for 
Operations  and  Plans 
ATTN:  DAMO-RQ 
Washington,  DC  20310 

Department  of  the  Army 
Director  of  Telecommunications  and 
Command  and  Control 
ATTN:  DAMO-TCZ 
Washington,  DC  20310 

Department  of  the  Army 

Assistant  Chief  of  Staff  for  Intelligence 

ATTN:  DAMI-TS 

Washington,  DC  20310 

HQDA  (DAEN-RDM/Dr.  de  Percin) 

Casimir  Pulaski  3uilding 
2C  Massachusetts  Avenue 
Room  6203 

Washington,  DC  20314 


Di rector 

Naval  Research  Laboratory 

ATTN:  Code  4320  (Dr.  lothar  H.  Ruhnke) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6Q0S  (0-\  Cohn  MacCallum,  dr.) 

Washington,  DC  20375 

Commanding  Officer 

Nava"1  Researcn  Laboratory 

ATTN:  Code  6530  (Mr.  Raymond  A.  Patten) 

Washington,  OC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6533  (Dr.  James  A.  Dowling) 

Washington,  DC  20375 
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